. These transpososomes contain the two ends of the Mu genome synapsed by a tetramer of the Mu transposase (MuA) (Lavoie et al., 1991; Baker and Mizuuchi, 1992; Mizuuchi et al., 1992 1995) ; the major part of this structure is remarkably similar to that of the catalytic core domain of HIV integrase (Dyda et al., 1994) , as well as RNase H (Katayanagi et al., 1990; Yang et al., 1990; Davies et al., 1991) and the Holliday junction resolving enzyme RuvC (Ariyoshi et al., 1994) . MuA and HIV integrase catalyze similar reactions, endonucleolytic cleavage at the 3'end of the donor DNA and subsequent strand transfer (reviewed by Mizuuchi, 1992a Mizuuchi, , 1992b et al., 1984) . While all six sites appear to participate in transpososome assembly (Allison and Chaconas, 1992) , only three sites, Ll, Rl, and R2, are stably bound by the MuA tetramer within a transpososome (Lavoie et al., 1991; Mizuuchi et al., 1991 Mizuuchi et al., , 1992 and . separately or in combination.
Standard reaction conditions were used, except that it contained 2.3 PM MuB. pBR322 was used as the target DNA, and reactions were incubated for 90 min. Reactions shown in (A) included 15% glycerol, while those in (8) We used 50 nM each of the two MuA derivatives separately or in combination.
One of the MuA derivatives in each reaction was labeled by % pBR322 was used as the target DNA. The reactions were incubated at 30% for the times indicated.
The MUA derivatives included in the reactions are shown above each lane. Labeling is the same as in Figure 2 . (AsD2) and (EAsDz) (Baker et al., 1993) . The standard mini-Mu donor DNA was pMK586 (Mizuuchi et al., 1992) . The mini-Mu DNA without the IAS, pMK588, was constructed from pMK586 by replacing the IAS-containing BamHI-Clal fragment with a linker DNA. @X174 RFI (GIBCO BRL) or pBR322 (GIBCO BRL) was used as target DNA. The competitor DNA, a double-stranded synthetic oligonucleotide containing two MuAbinding sites, has been previously described (Mizuuchi etal., 1991) . All restriction endonucleases were obtained from New England BioLabs. The expression plasmid (PET-MuA149) for MuA(E392Q) has been described in Baker et al. (1994) . The expression plasmid for the double mutant, MuA(l-615[E392Q]) (pMK618), was constructed by combining appropriate DNA fragments from plasmids coding for the separate mutant proteins: the 1566 bp Ncol-Asel fragment from PET-MuA was ligated with the 279 bp fragment of pMK576 plasmid containing the coding sequence digested with BamHl and Asel. Then, the resulting fragment was ligated with the 3.65 kb Ncol-BamHI fragment of PET-3d (Novagen). The expression plasmid for the double deletion protein, MuA(77-605) (pMK599), was constructed, using as the template pMK482 coding for by PCR-mediated deletion of the DNA coding for the C-terminal domain and ligating the Ndel-BamHI fragment coding for the deletion protein with the NdelBamHl fragment of PET-SC (Novagen).
Proteins
MuB protein was purified as described by Chaconas et al. (1985) with the additional step described by Adzuma and Mizuuchi (1991) Baker et al. (1993) . MuA derivatives were radiolabeled with pS]methionine in viva, as described by Baker et al. (1993) with minor modifications and purified essentially according to Baker et al. (1993) . The specific radioactivity of protein preparations was determined by scintillation counting and adjusted by adding the corresponding unlabeled protein so that the specific radioactivities of the pair of labeled proteins used within each experiment matched.
[3S]methionine was obtained from DuPont New England Nuclear Research Products, and methionine assay medium was purchased from Difco; 2.5 mCi (1175 Cilmmole) was used to label 100 ml of cell culture. The protein concentration of unlabeled and ?S-labeled MuA preparations was determined spectrophotometrically with a value of sZBO = 1.58 for 1 mglml wild-type MuA, MuA(E392Q) and and c280 = 1.7 for MuA(l-615) MuA(E392Q [l-6151) and .
Transposition Reactions The standard reactions were as prevrously described (Baker et al., 1993) . Reaction mixtures contained 25 mM Tris-HCI (pH 8), 156 mM NaCI, 10 mM MgC&, 2 mM ATP, 15% glycerol, 10 uglml donor DNA (3.4 nM), 10 pglml @X174 RFI or pBR322 DNA, 20 pglml MuB (600 nM), 2.4 uglml HU (130 nM), and 3.7 ug/ml MuA (50 nM) unless otherwise noted. The reactions were incubated at 3O'C for the time indicated. For nondenaturing electrophoresis of protein-DNA complexes, reactions were stopped by adding the competitor DNA to 20 times molar excess of MuA protein (30 uglml) and cooling in Ice water or freezing in liquid nitrogen. Ficoll 400 (Pharmacia) was added to 5% (w/v) prior to the electrophoresis.
For the analysis of DNA products freed from proteins, reactions were stopped by adding 0.2 vol of stop solution (0.1% bromophenol blue, 2.5% SDS, 50 mM EDTA, and 50% Ficoll 400). Electrophoresis was as described in Baker et al. (1993) 
